w0 2022/197676 A1 |0 0000 KO0 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 September 2022 (22.09.2022)

(10) International Publication Number

WO 2022/197676 Al

WIPO I PCT

(51) International Patent Classification:
Ho04L 5/00 (2006.01)

(21) International Application Number:
PCT/US2022/020343

(22) International Filing Date:
15 March 2022 (15.03.2022)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/161,633 16 March 2021 (16.03.2021) UsS

(71) Applicant: NTT DOCOMO, INC. [JP/JP]; 11-1, Nagata-
cho 2-chome, Chiyoda-ku, Tokyo, 100-6150 (JP).

(71) Applicant (for US only): DOCOMO INNOVATIONS,
INC. [US/US]; 3301 Hillview Avenue, Palo Alto, CA
94304 (US).

(72) Inventors: RUPASINGHE, Nadisanka; 3301 Hillview
Avenue, Palo Alto, CA 94304 (US). MATSUMURA, Yu-
ki; C/o Intellectual Property Dept., Ntt Docomo, Inc., Sanno

Park Tower, 11-1, Nagatacho 2-chome, Chiyoda-ku, Tokyo,
100-6150 (JP).

Agent: SCHERER, Thomas, K. et al.; Osha Bergman
Watanabe & Burton LLP, 909 Fannin Street, Suite 3500,
Houston, TX 77010 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JM, JO, JP, KE, KG, KH,
KN, KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(54) Title: METHODS OF ENHANCING TRIGGERING FLEXIBILITY OF APERIODIC SOUNDING REFERENCE SIGNAL

FIG. |

Core e
Network

Sy

(57) Abstract: A wireless communi cation method for a terminal includes: receiving, via downlink control information (DCI) or
higher layer signaling, configuration information including a parameter; configuring Aperiodic Sounding Reference Signal (A-SRS)
transmission based on the parameter, and reporting, based on a usage setting, capability information including a minimum timing
requirement between A-SRS triggering Physical Downlink Control Channel (PDCCH) and SRS resources in a resource set.

[Continued on next page]



WO 2022/197676 A | [IN 1000000000 O

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2022/197676 PCT/US2022/020343

METHODS OF ENHANCING TRIGGERING FLEXIBILITY OF APERIODIC
SOUNDING REFERENCE SIGNAL

BACKGROUND
Technical Field
{6081} One or more embodiments disclosed herein relate to mechanism{s) to how aperiodic

Sounding Reference Signal (SRS} triggering can be enhanced by introducing additional Hexibility.

Pescription of Related Arxt

{6002} In 5G new radio (NR} technologies, new requirements are being identified for further
enhancing SRS transmission. New items in Rel. 17 relate to, for example, NR Multiple-Input-
Multiple-Cutput (MIMO).

{6003] In the new studies being conducted, enhancement of the SRS is targeted for both
Frequency Range (FR) 1 and FR2Z.  In parpicular, study is under way to identity and specify
enhancements on aperiodic SRS triggering to facilitate more tlexible triggering and/or Downlink
Control Information (DCI) overhead/usage reduction.

{6004} Additionally, study is under way to specify SRS switching for up to § antennas (e.g.,
xIyR, x = {1, 2, 4} and v = {6, 8}}. Further, studies are evaluating and, if needed, specifying the
tollowing mechanism{s} to enhance SRS capacity and/or coverage including SRS time bundling,
increased SRS repetition, and/or partial sounding across frequency.

Citation List

MNou-Patent Refercuces

[0003] {Non-Patent Reference 1] 3GPP RP 193133, “New WID: Further enhancements on
MIMO for NR”, Dec., 2019,

{6006] INon-Patent Reference 2] 3GPP RANT #103-¢, ‘Chairman’s Notes™, Nov., 2020
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{8067} {Non-Patent Reference 3] 3GPP RANT #104-¢, ‘Chairman’s Notes’, Feb,, 2021,
{8008} {Non-Patent Reference 4] 3GPP TS5 38.214, “NR,; Physical procedure for data (Release
16).7

[6009] {Non-Patent Reference 5] 3GPP TS 38.212, “NR; Multiplexing and channel coding

{Release 16)7
{06010} {Non-Patent Reference 6] 3GPP TS 38331, “NR; Radio Resource Control; Protocol
specification {Release 15).7

SUMMARY

{6011} In general, in one aspect, embodiments disclosed heretn relate to a wireless
communication method for a terminal that includes receiving, via downlink control information (DCT)
or higher layer signaling, configuration information including a parameter; configuring Aperiodic
Sounding Reference Signal (A-SRS) transmission based on the parameter; and reporting, based on a
usage setting, capability information including a minimum timing requirement between A-SRS

triggering Physical Downlink Control Channel (PDCCH) and SRS resources in a resource set.

{6012} In general, in one aspect, embodiments disclosed herein relate to a terminal that
includes a receiver that receives, via downlink control information (DCI) or higher layer signaling,
configuration information inchuding a parameter; and a processor that configures Aperiodic Sounding
Reference Signal (A-SRS) transmission based on the parameter; and reports, based on a usage setting,
capability information including a2 minimum timing requirement between A-SRS friggering Physical
Downlink Control Channel (PDCCH) and SRS resources in a resource set.

{6013} In general, in one aspect, embodiments disclosed herein relate to a terminal that
includes a first receiver that recetves via downlink control information (DCI) or higher layer signaling,
configuration information wncluding a parameter; a processor that configures Aperiodic Sounding

Reference Signal (A-SRS) transmission based on the parameter; and reports, based on a usage setting,
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capability information including a minimum timing requirement between A-SRS triggering Physical
Downlink Control Channel (PBCCH) and SRS rescurces in a resource set; and a base station
comprising: a transmitter that transmits via DCI or higher layer signaling, configuration information
including the parameter; and a second recetver that receives the capability information.
{6014} {Other embodiments and advantages of the present tnvention will be recognized from
the description and figures.

BRIEF DESCRIPTION OF THE DRAWINGS
{6015] FIG 1 is a diagram showing a schematic configuration of a wireless communications
system according to embodiments.
{8016] FIG. 2 is a diagram showing a schematic configuration of a base station {(BS) according
to one or more embodiments.
{6017) FIG. 3 is a schematic configuration of a user equipment (UE) according to one or more

embodiments.

{3018] FIG. 4 shows an overview of potential enhancements to aperiodic SRS iriggenng.
[8019] FIG. 5 shows an example table of PUSCH preparation time.

{60206] FIG. 6 shows an example of DCI fields.

{6021} FIG. 7 shows an example of DCT fields.

16022} FIG. 8 shows an example of a higher laver parameter.

{8023} FIG. 9 shows an example table of an extended number of DCI codepoints for A-SRS

trigger states.

{6024} FIG. 10 shows an example of igher layer parameters.
{6025} FIG. 11 shows an example of higher layer parameters.
{6026] FIG. 12 shows an example table of an extended number of BCI codepoints for A-SRS

trigger states.
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DETAILED DESCRIPTION
{8027} Hmbodiments of the present invention will be described in detail below with reference
to the drawings. Like elements in the vartous figures are denoted by like reference numerals for
consistency.
{6028} In the following description of embodiments of the invention, numerous specific details
are set forth in order to provide a more thorough understanding of the invention. However, it will be
apparent to one of ordinary skill in the art that the invention may be practiced without these specific
details. In other instances, well-known features have not been described in detail to avoid cbscuring
the invention.
{6029] FIG. 1 describes a wireless communications system 1 according to one or more
embodiments of the present invention. The wireless communication system 1 includes a user
equipment (UE) 10, a base station (BS) 20, and a core network 30. The wireless communication system
I may be a NR system. The wireless communication system 1 18 not limited to the specific
configurations described herein and may be any type of wireless coramunication system such as an
LTE/LTE-Advanced {LTE-A) system.
{00306} The BS 20 may communicate uplink (UL} and downlink (DL) signals with the UE 10
in a cell of the BS 20. The DL and UL signals may include control information and user data. The BS
20 may communicate DL and UL signals with the core network 30 through backhaul links 31. The BS
20 may be gNodeB (gNB). The BS 20 may be referred to as a network (NW} 20.
16031} The BS 20 includes antennas, a communication interface to communicate with an
adjacent BS 20 (for exarople, X2 wterface), a communication interface to communicate with the core
network 30 (for example, 81 interface), and a CPU (Central Processing Unit) such as a processor or a
circuit to process transmutted and received signals with the UE 10, Operations of the BS 20 rvay be
implemented by the processor processing or executing data and programs stored in a memory.
However, the BS 20 1s not limited to the hardware configuration set forth above and may be realized

4
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by other appropriate hardware configurations as understood by those of ordinary skill in the art.
Numercus BSs 20 may be disposed so as to cover a broader service area of the wireless communication
system 1.

{6032} The UE 10 may communicate DL and UL sigonals that include control information and
user data with the BS 20 using Multi Toput Multt Output (MIMO) techuology. The UE 10 may be a
mobile station, a smartphone, a cellular phone, a tablet, a mobile router, or information processing
apparatus having a radio communication function such as a wearable device. The wireless
communication system | may include one or more UEs 10.

{6033} The UE 10 includes a CPU such as a processor, a RAM (Random Access Memory), a
flash memory, and a radio communication device to transmit/recetve radio signals to/from the BS 20
and the UE 10 For example, operations of the UE 10 described below may be implemented by the
CPU processing or executing data and programs stored in a memory. However, the UE 10 s not limited
to the hardware configuration set forth above and may be configured with, e.g., a circutt to achieve the
processing described below.

18034] As shown in FIG 1, the BS 20 may transmit a CS1-Reference Signal (CSI-RS) to the
UE 10. In response, the UE 10 may transmit a CS1 report to the BS 20, Similarly, the UE 10 may
transmit SRS to the BS 20

{6035] {Configuration of BS)

{6036} The BS 20 according to embodiments of the present invention will be described below
with reference to FIG. 2. FIG. 2 is a diagram illustrating a schematic configuration of the BS 20
according to embodiments of the present invention. The BS 20 may include a plurality of antennas
{(antenna element group) 201, amplifier 202, transceiver (transrottier/receiver) 203, a baseband signal
processor 204, a call processor 205 and a transmission path interface 206,

{6037} User data that 13 transmitted on the DL from the BS 20 to the UE 20 13 input from the

core network, through the transmission path interface 200, into the baseband signal processor 204,
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{6038] In the baseband signal processor 204, signals are subjected to Packet Data Convergence
Protocol (PDCP) layer processing, Radio Link Control (RLC) laver transmission processing such as
division and coupling of user data and RLC retransmission control transmission processing, Medium
Access Control (MAC) retransmission conirol, including, for example, HARQ transmission
processing, scheduling, transport format selection, channel coding, inverse fast Fourier transform
(JFFT) processing, and precoding processing. Then, the resultant signals are transferred to each
transceiver 203, As for signals of the DU control channel, transmission processing is performed,
including channel coding and inverse fast Fourier transform, and the resultant signals are transmitted
to each transceiver 203,

{3039] The baseband signal processor 204 notifies each UE 10 of control information (system
information} for communication in the cell by higher layer signaling (e.g., Radio Resource Control
(RRC) signaling and broadcast channel). Information for communication in the cell includes, for
example, UL or DL system bandwidth,

{06040} Ineach transceiver 203, baseband sigoals that are precoded per antenna and output from
the baseband signal processor 204 are subjected to frequency conversion processing into a radio
frequency band. The amplifier 202 amplifies the radio frequency signals having been subjected to
frequency conversion, and the resultant signals are transmitted from the antennas 201,

{0041} As for data to be transmitted on the UL from the UE 10 to the BS 20, radio frequency

signals are received in each antennas 201, amplified in the amplifier 202, subjected to frequency

)
conversion and converted into baseband signals tn the transceiver 203, and are input to the baseband
signal processor 204,

{0042} The baseband signal processor 204 performs FFT processing, IDFT processing, error
correction decoding, MAC retransroission couotrol reception processing, and RLC layer and PDCP
layer reception processing on the user data included in the received baseband signals. Then, the

n

resultant signals are transferred to the core network through the transmission path interface 206. The
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call processor 205 performs call processing such as setting up and releasing a communication channel,
manages the state of the BS 20, and manages the radio resources,

{6043} {Configuration of UE)

{6044} The UE 10 according to embodiments of the present invention will be described below
with reference to FIG. 3. FIG 3 is a schematic configuration of the UE 10 according to embodiments
of the present tnvention. The UE 10 has a plurality of UE antenna S101, amplifiers 102, the circuit 103
comprising transceiver (transmitter/receiver) 1031, the controller 104, and an application 10S.

{6045} As for DL, radic frequency signals received in the UE antenna S101 are amplified in
the respective amplifiers 102, and subjected to frequency conversion into baseband signals in the
transceiver 1031, These baseband signals are subjected to reception processing such as FFT processing,
error correction decoding and retransmission control and so on, in the controlier 104, The DL user data
is transferred to the application 105, The application 105 performs processing related to higher layers
above the physical layer and the MAC layer. In the downlink data, broadcast information 13 also
transterred to the application 105

[8046] On the other hand, UL user data is input from the application 105 to the controller 104
In the controller 104, retransmission control (Hybrid ARQ) transmission processing, channel coding,
precoding, DFT processing, IFFT processing and so on are performed, and the resultant signals are
transterred to each transceiver 1031, In the transceiver 1031, the baseband signals cutput from the
controfler 104 are converted into a radio frequency band. Afier that, the frequency-converted radio
frequency signals are amplified in the amplifier 102, and then, transmitted from the antenna 101
{6047} {Une or more embodiments of the present invention with reference to FIG. 4 relate to
enhancements for aperiodic SRS triggering. In patticular, as noted in {2}, possible considerations
include the following. A given aperiodic SRS resource set may be transmitted 1o the (i+1)-th available
slot counting from a reference slot, where £ 1s indicated from DCI or RRC (if only one value of t1s

configured in RRC), and the candidate values of 7 at least include &, Further, one or more of following

s
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options for the reference slot may be considered. As a one option, the reference slot is the slot with
the triggering DCIL As anocther option, the reference slot is the slot indicated by the legacy triggering
offset.

[6048] Under consideration as well is the definition of “available slot” considering UE
processing complexity and a timeline to determine an available slot as well as potential co-existence
with collision handling. Based on only RRC configuration, “available slot” 1s the slot satistying: there
are UL or flexible symbol(s) for the time-domain location{s) for all the SRS resources in the resource
set and it satisfies the minimum timing requirement between triggering PDCCH and all the SRS
resources in the resource set.

{3049} Also under constderation is explicit or implicit indication of ¢ and whether updating
candidate triggering offsets in MAC CE may be beneficial.

{3050] As discussed above, studies are under way with regard 1o the enhancement of SRS, In
one or more embodiments described heretn UE capability on the wintmum timing requireroent is
constdered. Inwtially, an “dvailable Slor’ may be considered as a slot satisfying a condition that there
are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource
set. It is also considered as a slot that satisfies a condition of a UE capability on the minimum timing
requirement between triggering PDCCH and all the SRS resources in the resource set.

{6051 In one or more embodiments, as part of capability reporting, a UE reports the minimum
timing requirement between A-SRS triggering PDCCH and all the SRS resources in the resource set.
Subsequently, the reported timing requirement can be considered as follows to determine the minimal
time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and
the first symbol of SRS resource.

[60532] Cousider that the UE as part of 1ts capability reports the mirvumoum timing requirersent
as, V3 symbols. In this case, this minimurm timing requirement can then be considered for identifying

the munmimal time interval as follows.
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{6053} Turping to an instance where SRS resource set usage is set to ‘codebook’ or “antenn
switching.”

[6054] As a first option for SRS in a resource set with usage set to 'codebook' or
‘anfennaSwitching,' the minimal time interval between the last symbol of the PDCCH triggening the
aperiodic SRS transmission and the first symbol of the SRS resource is N3 symbols and an additional
time duration i

{6055] As a second option for SRS in a resource set with usage set to 'codebook’ or
‘anfennaSwitching,' the minimal time interval between the last symbol of the PDCCH triggering the
aperiodic SRS transmission and the first symbol of the SRS resource is N> + N3 symbols and an
additional time duration e

{8056] As a third option for SRS in a resource set with usage set to 'codebook’ or
‘aptennaSwitching,' the minimal time interval between the last symbol of the PDCCH triggering the
aperiodic SRS transmussion and the first syrubol of the SRS resource is Max{N>, N3} symbols and an
additional time duration .

{0057} Turning to an instance where usage is set to ‘non-codebook’ or *Beam Management.
{0058] As a first option for SRS in a resource set with usage set to “non-codebook’ or 'Beam
Management the minimal time interval between the last symbol of the PDCCH triggering the
aperiodic SRS transmission and the first symbol of the SRS resource is Nz +/{4 symbols and an
additional time duration Tavien.

{6059} As a second option for SRS in a resource set with usage set to ‘non-codebook’ or '‘Beam
Management,! the minimal time nterval between the last symbol of the PDCCH triggening the
apetiodic SRS transmission and the first symbol of SRS resource is &y + N3 +/74 symbols and an
additional time duration Tavien.

{06060} As a third option for SRS in a resource set with usage set to “non-codebook' or 'Beam
Management' the minimal time interval between the last symbol of the PDCCH triggering the

9
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aperiodic SRS transmission and the first svmbaol of the SKS resource is Max Ny, N3¢ + /4 symbols and
an additional time duration {swie.

{8061} In one or more embodiuments, irrespective of the SRS ‘wsage,” the minimal time
requirement 1s defined, for example, as Max{fexisting minimal time for o usage, N3}, In this scenario,
for ‘codebook’ and ‘antermalSwitching | existing mivimal time for usage’ may be defined as ¥, For
‘non~-codebook’ and ‘BeamManagement’ | “existing minimal time for usage’ may be defined as N+ 74
{6062] Further, one or more value(s) of N> can be configured as follows.

{6063] In a first option, the value of V> can be pre-defined in the specification(s). An example

from {4}, pre-defining N> in the specification is shown in FIG. 5.

{6064] As a second option, one or more value(s) of N, are reported by the UE as part of the
UE capability.
{3065} It is noted that the minimum timing requirement can be, ‘e last symbol of the POCCH

friggering the aperiodic SRY transmission and the first symbol of SRS vesouwrce.” Further note that, the
SRS resource may be the first one to transmit in the tniggered SRS resource set.

[0066] Additionally, if the UE does not report the minimum tirning requirement between A-
SRS triggering PDCCH and all the SRS resources in the resource set, the minimum tirning requirement
may be pre-defined in the specification(s}. For example, minimum timing between triggering PDCCH
and all the SRS resources in the resource set can be defined as follows.

16067} For SRS in a resource set with usage set to 'codebook’ or ‘amtennaSwitching, the
mintmal time interval between the last symbol of the PDCCH triggering the aperiodic SRS
transmission and the first symbol of the SRS resource is V> syrobols and an additional time duration
i T)“-i'ifx’jﬁ

[6068] For SRS in a resource set with usage set to ‘non-codebook’ or *Beam Managemeni' the

minitmal time interval between the last symbol of the PDCCH ftriggering the aperiodic SRS

10
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transmission and the first symbol of the SRS resource is N2 + 14 symbols and an additional time
duration Tamen.

{8069] In one or more embodiments, the value of N> can be pre-defined in the specification(s)
as shown in FIG. S.

{6076] In one or more embodiments for DCIY/PDCCH detection, the UE may try a blind
detection (BD) of the DCI format. At an initial step, the UE may assume one possible DCI size of a
possible DCI tormat and assume a possible aggregation level of PDCCH. Further, the UE demodulates
the PDCCH and attempts 2 CRC check. Here, CRC is scrambled by some Radic Network Temporary
Identifier (RNTI) (e g, C-RNTIL etc ).

{6071} I the CRC check s passed, the UE identifies that the DCI is correctly received. If not,
the UE returns to the initial step and another possible DCI size and aggregation level are assumed and
another demodulation attempt 15 made followed by another CRC check.

{8072] Thus, if the number of possible (i e., different) DCI sives is increased, number of blind
detection (BD) of PDCCH increases as well, which may have a farge impact on UE coruplexity. Asa
result, in one or more embodiments, 1t may be important to keep the same number of BD as Rel 15/16
for the purposes of, for example, complexity.

16073} One or more embodiments relate to the indicate of a parameter ¢ using DCI formats
0 1/6 2. For example, a list of 7 values may be configured in RRC for each SRS resource set.
Afterwards, using DCI, one value out of those tn the list is selected {31

{8074} As a first option with reference to FIG. 6, a new configurable DI field can be added
toindicate a¢ value. In particular, FIG. 6 shows an example of the newly added DCI field for indicating
¢, It 13 noted that within the same DCI format, the size of DCI payload 1s unchanged for A-SRS
triggering with or without data/CSI. This 1s beneficial not to increase the number of BD of BCIL Note

also that, the new DCI field may exast only when RRC configures it

it
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{8075} As a second option with reference to FIG. 7, the 7 value is indicated without adding a
new DCI field. In that case, DCI with and without data/CSI scheduling can indicate the 7 value in
different ways.In the case of DCI without data/CS1, unused fields may be reused for indicating a ¢
value. In the case of data/CST being and the SRS request, the following methods can be considered
for indicting 7.

{6076] 1Y The UE may only expect a single value of 7 to be higher layer configured per SRS
resouree set; or

{6077} 2) The UE may select one of the higher layer configured values for 7 from the list of
values {e.g., first value, smaliest value, largest value etc.} based on one or more pre-defined rules in
the specification(s} or based on higher layer configuration (e .g., configure a default value of 7).

{6078] As mentioned above, in the case of DCIwithout data/CS1 unused fields may be reused.
For example, unused DCI fields v DCE without data/CS81 may be “DCI fields used for PUSCH
scheduling and/or CSTrequest.” In particular, one or more of the unused DCI fields 10 the DCT formats
0 V0 2, without scheduling data/CS1, can be considered for indicating 7 value as per a second option.
One or more examples of some potentially unused DCT fields that can be considered for indicating ¢

can be given as follows:

® Bandwidth part indicator
® Frequency domain resource assigoment
® Time domain resource assignment

® TPC command for scheduled PUSCH

& Precoding information and number of layers
) Antenna ports
) CSi request
{6079] Returning to the first option, it 13 noted that the new DCT field may only exist when

RRC configures it. For example, consider a new RRC parameter, sys-DCi-i-Field-v {7, as shown in

12
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FIG. &, which configures the availability of new DCI field for indicating # value. In this example, if
srs-DCI-t-Field-ri7 is set to §, the methods discussed under the second option can be considered for
indicating 7 value. I srs-DCHe-Fieldr 17 is set to 7, methods discussed under the first option can be
considered for indicating ¢ value.

[6080] Furthermore, 1t 1s noted that if the abovementioned higher layer parameter 18 configured
{1.e., according to the first option} the new DCI field can dynanucally indicate the value of ¢ for both
cases of DCI for A-SRS triggering with and without data/CSL  Alternatively {(i.e., according to the
second option), the existing DCI field, which 1s not used for data scheduling and/or CS1 reguest, can
dynamically indicate the value of 7 for a case of DCI for A-SRS triggering without data/CS1; and the
value of 7 1s semi-statically configured for case of DCI for A-SRS triggering with data/CSL

{6081} In one or more embodiments, the number of BCI codepoints for A-SRS trigger states
may be extended. Currently, the number of BCI codepoints available for trigger states for A-SRS 13
fust 3. 1o order to support more than 3 trigger states, Table 7.3.1.1.2-24 of the specification(s) in | 5]
may be appropriately updated to capture more code ponts as shown in FIG. 9. In particular, a3 shown
in FIG. 9, in order to have 7 trigger states for A-SRS and assuming a bitwidth of 3-bits for an SRS
request field then Table 7.3.1 1.2-24 in [5] can be updated as shown. For example, new entries may
be defined for 100, 101, 110, and 111

{6082} Additionally, in order to provide flexibility in controlling the DCI overhead, it is
possible to configure the size of ‘SRS reguest’ field using RRC signaling. Subsequently, based on the
size of configured “SHS reguest’ field, certain rows from Table 7.3.1.1.2-24 in [5] can be selected as
shown in FIG. 9. For example, when it is possible o have 7 trigger states for A-SRS (as shown 1o
FIG. 9), the size of SRS request field can be higher-layer configured. In particular, one example of a
higher-layer configuration for the size of the SRS field is shown in FIG. 10

{6083] srs-ReguestDUE-0-2 15 defined as follows:

13
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[6084] Indicate the number of bits for "SRS request” in DCI format 0 2. When the field is
absent, then the value of O bit for "SRS request” in DCI format 0 2 is applied. If the parameter srs-
RequestiXCI-0-2 18 configured to value 1, 1 bit 1s used to indicate one of the first two rows of Table
7.3.11.2-24 wn TS 38.212 for triggered aperiodic SRS resource set. It the value 2 15 contigured, 2 bits
are used to wndicate one of the first four rows of Table 7.3 1.1.2-24 10 TS 38212, H the value 3 is
configured, 3 bits are used to indicate one of the rows of Table 7.3 1.1.2-24 in TS 38 212, When the
UK 18 configured with supplemeniaryUplink, an extra bit (i.e., the first bit of the SRS request field) is
used for the non-SUL/SUL indication.

{6085] It is noted that in Rel 16, the above higher-layer parameter is introduced to control the
DT payload of DCIformat © 2 (1.e., calied compact BCI, compared to Rel 15 BCl format 6_1). The
above proposal can be also applied to DCE format 01, The straight forward way is to define a different
higher fayer parameter {(i.e., as above} to control the size of SRS request field for DCI format 6 1 and
0 2 separately. Another way 15 to ouly define a higher-layer parameter (i.e., as above) to control the
size of SRS request field for 0 2, and the DCT size of the SRS request field for ¢ _1 1s derived by an
implicit rule (e.g., the number of SRS resource sets with usage CB/NCB).

[6086] Further, 1 order to support newly added A-SRS trigger states, RRC parameters
moxNrofSRS-TriggerStates-1  and  maxNrofSRS-TriggerStates-2  are updated in aperiodicSRES-
Resourcefrigger and aperiodicSRS-Resource TriggerList of [6], respectively, as shown in FIG. 11
For example, when it is possible to have 7 trigger states for A-SRS, muxNrofSRS-TriggerSiates-I and
maxNrofSRS-TriggerStates-2 need to be updated as shown by the updated values in FIG. 11

{0087} As another option, depending on whether BCI schedules data/CSE the UE may select
the appropriate table for A-SRS trigger states. That i, for DCTE without scheduling data/CS1, the SRS
request field size is 1, 2 or 3 buts. The higher layer can configure which entries to consider from the
A-SRS trigger state table, 1.e, Table 7.3.1.1.2-24 [5], for DCT without data/CSI as shown in FIG 9.
Following this example, FIG. 10 shows new RRC parameters that may be applicable only for DCI

14
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without scheduling data/CSL As mentioned above, the table for capturing A-SRS trigger states in this
scenarto is shown in FIG. 9.

{6088} For DCI scheduling with data/CS1, the SRS request field size ts 1 or 2 bits. Thus, the
table shown in FIG. 12 may be considered in the scenario where DCT scheduling includes data/CS1L
{0089] Yariations

{6090] The information, signals, and/or others described in this specification may be
represented by using any of a variety of different technologies. For example, data, instructions,
commands, information, signals, bits, symbeols, chips, and so on, all of which may be referenced
throughout the herein-contained description, may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or photons, or any combination of
these.

{8091]  Also, information, signals, and so on can be output from higher layers to lower layers and/or
from lower layers to higher layers. lToformation, signals, and so on may be wput and/or output via a
plurality of network nodes.

[0092] The information, signals, and 8o on that are input and/or output may be stored in a specific
ipcation (for example, a memory) or may be managed by using a management table. The information,
signals, and so on to be input and/or output can be overwritten, updated, or appended. The information,
signals, and so on that are output may be deleted. The information, signals, and so on that are input
may be transmiited to another apparatus.

{8093] Reporting of information 18 by no means limited to the aspects/present embodiments
described 1n this specification, and other wethods may be used as well. For example, reporting of
information may be implemented by using physical layer signaling (for example, downlink coutrol
information (BCH, uplink control information (UCT), higher layer signaling (for example, RRC (Radio

Resource Control} signaling, broadcast information (master information block (MIB), system
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information blocks {(SIBs), and so on), MAC (Medium Access Control) signaling and so on), and other
signals and/or combinations of these.
{6094} Software, whether referred to as “software,” “firmware,” “middleware,” “microcode,”

.

or “hardware description language,” or called by other terms, should be interpreted broadly to mean
instructions, instruction sets, code, code segments, program codes, programs, subprograms, software
modules, applications, software applications, software packages, routines, subroutines, objects,
executable files, execution threads, procedures, functions, and so on,

{3095] Alsg, software, commands, information, and so on may be transmitted and received via
communication media. For example, when sottware is transmitted from a website, a server, or other
remote sources by using wired technologies (coaxial cables, optical fiber cables, twisted-pair cables,
digital subscriber lines {P3SL), and so on} and/or wireless technologies {infrared radiation, microwaves,
and so on), these wired technologtes and/or wireless technologies are also included in the definition of
communication media.

{8096] The terms “system” and “network” as used in this specification are used
interchangeably.

{0097} In the present specification, the terms “base station (BS),” “radio base station,” “eNB,”
“gNB,” “cell)” “sector,” “cell group,” “carrier,” and “component carrier” may be used interchangeably.
A base station may be referred to as a “fixed station,” “NodeB,” “eNodeB (eNB),” “access point,”

2% 6¢

“transmission point,” “recetving point,” “femto cell” “small cell” and so on.

{6098] A base station can accommodate one or a plurality of (for example, three) cells {also
referred to a5 "sectors”). When a base station accommodates a plurality of celis, the entire coverage
area of the base station can be partitioned into multiple smaller areas, and each smaller area can provide

communication services through base station subsystems (for example, indoor small base stations

(RRHs (Remote Radio Heads))). The term “cell” or “sector” refers to part of or the entire coverage

i6
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area of a base station and/or a base station subsystem that provides communication services within this

COVEerage.

4 6€

{6099} In the present specification, the terms “mobile station (MS),” “user terminal,” “user

equiprnent (UE),” and “terminal” may be used interchangeably.

{60100] A mobile station may be referred to as, by a person skilled in the art, a “subscriber

station,” “mobile unit,” “subscriber unit” “wireless unit,” “remote unit,” “mobile device,” “wireless

device,” “wireless communication device,” “remote device,” “mobile subscriber station,” “access

terminal,” “mobile terminal,” “wireless terminal,” “remote terminal,” “handset,” “user agent,” “mohile
client,” “client,” or some other appropriate terms in some ¢ases.
{60101] Furthermore, the radic base stations in this specification may be interpreted as user

terminals. For example, each aspect/present embodiment of the present disclosure may be applied to
a configuration in which communication between a radio base station and a user terminal s replaced
with comrmunication among a plurality of user termivals (D2D (Device~to-Device)). In this case, the
user termuinals 20 may have the functions of the radio base stations 10 described above. In addition,
wording such as “uphink” and “downlink” may be interpreted as “side” For example, an uplink
channel may be interpreted as a side channel.

1601021 Likewise, the user terminals in this specification may be interpreted as radio base
stations. In this case, the radio base stations may have the functions of the user terminals described
above.

{00103] Actions which have been described in this specification to be performed by a base
station may, in some cases, be performed by upper nodes. In a network including one or a plurality of
network nodes with base stations, it is clear that various operations that are performed to communicate
with terminals can be performed by base stations, one or more network vodes (for exampie, MMEs
(Mobility Management Entities), S-GW {Serving-Gateways), and so on may be possible, but these are
not limiting) other than base stations, or combinations of these.

17
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100104} {One or more embodiments iflustrated in this specification may be used individually or
in combinations, which may be switched depending on the mode of implementation. The order of
processes, sequences, flowcharts, and so on that have been used to describe the aspects/present
embodiments herein may be re-ordered as long as tuconsisiencies do not arise. For example, although
various methods have been ilustrated in this specification with vartious components of steps i
exemplary orders, the specific orders that are illustrated herein are by no means himiting.

{60105] One or more embodiments iHustrated in the present disclosure may be applied to LTE
{(Long Term Evolution), LTE-A (LTE-Advanced), LTE-B (LTE-Beyond), SUPER 3G, IMT-
Advanced, 4G (4th generation mobile communication system), 5G (5th generation mobile
communication system), FRA (Future Radio Access), New-RAT (Radic Access Technology),
NR(New Radic), NX (New radio access), FX (Future generation radio access), GSM {registered
trademark) (Global System for Mgbile communications), CDMA 2000, UMB (Ultra Mobile
Broadband), WEE 30211 (Wi-Fi (registered trademark)), IEEE 802,16 (WiMAX (registered
trademark)), TEEE 802.20, UWEB (Ultra-WideBand), Bluetooth (registered trademark), systems that
use other adequate radio communication methods and/or next-generation systems that are enhanced
based on these.

{00106} The phrase “based on” {or “on the basis of"} as used in this specification does not mean
“based only on” {or “only on the basis of”), unless otherwise specified. In other words, the phrase
“based on” (or “on the basis of”) means both “based only on” and “based at least on” (“ounly on the
basis of” and “at igast on the basis of 7}

[60167] Reference to elements with designations such as “first,” “second” and s0 on as used
herein does not generally htt the quantity or order of these elements. These designations mway be
used herein only for convenience, as a wethod for distinguishing between two or more elements. Thus,
reference to the first and second elements does not imply that only two elements may be employed, or

that the first element must precede the second element in some way.

18
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{60108 The term “judging {(determining)” as used herein may encompass a wide variety of
actions. For example, “judging (determining)” may be interpreted to mean making “judgments
{(determinations)” about calculating, computing, processing, deriving, investigating, looking up (for
example, searching a table, a database, or some other data structures), ascertaining, and so on.
Furthermore, “judging (determining)” may be interpreted to mean makiog “judgments
{determinations)” about receiving (for example, receiving information), transmitting {for example,
transmitting information), input, output, accessing {for example, accessing data in a memory), and o
on. In addition, “judging {determining)” as used herein may be interpreted to mean making “judgments
{determinations)” about resolving, selecting, choosing, assuming, establishing, comparing, and so on.
In other words, “judging {(determining)” may be interpreted to mean making “judgments
{determinations)” about some action.

{30109 The terms “connected” and “coupled,” or any variation of these terms as used herein
mean all direct or indirect connections or coupling between two or more elements, and may include
the presence of one or more intermediate elements between two elements that are “connected” or
“coupled” to each other. The coupling or connection between the elements may be physical, logical,
or a combination thereof. For example, “connection” may be interpreted as "access”

{60110} In this specification, when two elements are connected, the two elements may be
considered “connected” or “coupled” to each other by using one or more electrical wires, cables and/or
printed electrical connections, and, as some non-limiting and non-inclusive examples, by using
electromagunetic energy having wavelengths in radio frequency regions, microwave regions, {both
visible and ovisible) optical regions, or the like.

{00111} In this specification, the phrase “A and B are different” may mean that “A and B are
different froro each other.” The terms “separate,” “be coupled” and 50 on may be interpreted sirotlarly.
{60112} Furthermore, the term "or" as used in this specification or in claims is intended to be
not an exclusive disjunction.

i¢
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{80113] Now, although the present tnvention has been described in detail above, it should be
obvious to a person skilled in the art that the present wvention is by no means limited to the
embodiments described n this specification. The present invention can be implemented with various
corrections and 1o various modifications, without departing from the spirit and scope of the woveuntion
defived by the recitations of claims. Consequently, the description in this specification 15 provided
only tor the purpose of explaining examples, and should by no means be construed to limit the
invention according to the present invention in any way.

{60114} Alternative Examples

{60115} The above examples and modified exampies may be combined with each other, and
various features of these examples may be combined with each other in various combinations. The
invention is not lunited to the specific combinations disciosed herein.

{60116} Although the disclosure has been described with respect to only a limited sumber of
embodiments, those skilled in the art, having benefit of this disclosure, will appreciate that various
other ersbodirnents may be devised without departing from the scope of the present invention.

Accordingly, the scope of the invention should be limited only by the attached claims.
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CLAIMS

What is claimed s

1. A wirgless communication method for a terminal comprising:
receiving, via downlink control information (DCI) or higher layer signaling, configuration
information including a parameter;
configuring Aperiodic Sounding Reference Signal (A-SRS) transmission based on the
parameter; and
reporting, based on a usage setting, capabiity information including a minimum timing
requirement between A-SRS triggering Physical Downlink Control Channel (PDCCH)

and SRS rescurces in a resource set.

2. The wireless communication method of claim 1, wherein the reported timing requirement 15 used
to determine a minimal time interval between a last symbol of the PDCCH triggering and a first

symbol of the SRS resources.

(]

The wireless communication method of claim 1, wherein the usage 15 configured with a first
setting, and the mimimum Hming requirernent 13 a sum of a first nurober of symbols and an

additional time duration.

4. The wireless communication method of claim 3, wherein the usage is configured with a second
setting, and the mintmum timing reguirement is 2 sum of a second number of symbols and the

additional time duration.

5. The wireless communication method of claim 4, wherein the second number of symbols is greater

than the first number of symbols.

21
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6. The wireless communication method of claim 1, wherein the minimum timing requirement is

defined urespective of the usage setting,

7. The wireless communication method of claim 1, further comprising:
assuming a first DCI size of a first DCI format of the DCI and a first aggregation level of the
PDCCH: and

demodulating the PDCCH based on the first DCI size and the first aggregation level.

§. The wireless communication method of claim 7, further comprising:
performing a Cyclic Redundancy Check (CRC) on the demodulated PDCCH,

wherein the CRC is scrambled by a Radic Network Temporary Identifier (RNTI).

8. The wireless communication method of claim §, further comprising:

determining that the CRC passed and identitying that the DCI is successfuily received.

10. The wireless communication method of claim 8, further comprising:
determining that the CRC failed;
assurning a second DCI size of the first BCI format and a second aggregation level of the
PDCCH, and

demodulating the PDCCH based on the second DCT size and the second aggregation level.

t1. The wireless commuunication method of claim 8, wherein the first DCI size and the first aggregation

level are signaled by the parameter.

12. The wireless communication method of claim 11, wherein the parameter is contigured with higher

faver signaling.

13. The wireless communication method of claim 8, wherein the parameter 1s predefined.
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14. The wireless communication method of claim 1, further comprising:

selecting a table for A-SRS trigger based on the DCL

15. A terruinal comprising:
a recetver that receives, via downlink control information (DCI) or higher layer signaling,
configuration information including a parameter; and
a processor that configures Aperiodic Sounding Reference Signal { A-SRX) transmission based
on the parameter; and reports, based on a usage setting, capability information including
a minimum fining requirement between A-SRS triggering Physical Downlink Control

Channel (PDCCH) and SRS resources in a resource set.

16. A systemy comprising
a terminal comprising:
a first receiver that receives via downlink control wformation {DCT) or higher fayer
signaling, configuration information including a parameter;
a processor that configures Aperiodic Sounding Reference Signal (A-SRS)
transmussion based on the parameter; and reports, based on a usage setting,
capability information including a minimum timing requirement between A-
SRS trigeering Physical Downlink Control Channel (PDCCH) and SRS
resoUrces in a resource set; and
a base station comprising:
a transmitter that transmits via DCL or higher layer signaling, configuration information
including the parameter; and

a second receiver that receives the capability information,

23
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FIG. 9

Value of | Triggered aperiodic SRS resource set(s) for DClformat §_1, 0_2,1_1,1_ 2, and 2_3 configured
SRS with higher layer parameter srs-TPC-POCCH-Group set to 'typeB’

regquesi
field

400 No aperiedic SRS resource set triggered

SRS resource set(s) configured by SRS-ResourceSet with higher layer parameter aperiodicSRS-
ResourceTrigger set to 1 or an entry in aperiodicSRS-ResourceTriggerList set to 1

401

SRS resource sei(s) configured by SRS-PosResourceSet with an entry in aperiodicSRS-

ResourceTriggerlist set to | when triggered by DCI formats 0 _1,0 2.1 1. and 1 2

SR

1934}

resource set(s) configured by SRS-ResourceSet with higher layer parameter aperiodicSES-
ResourceTrigger set to 2 or an entry in aperiodicSRS-ResourceTriggerList set to 2

819

SES resource sei(s) configured by SRS-PosResourceSet with an entry in aperiodicSRS-

ResourceTriggerlist set to 2 when triggered by DClH formats 81,0 2,1 1, and 1 2
SRS resource set{s) configured by SRS-ResourceSet with higher layer parameter aperiodicSRS-
ResourceTrigger set to 3 or an entry o aperiodicSRS-ResourceTrigged.ist set to 3
g1t
SRS resource sei{s) configured by SES-PosResourceSet with an entry in aperiodicSRS-
ResourceTriggerList set 10 3 when tnggered by DCH formats 8 1,0 2,1 1 and 32

SRS resource set{s) configured by SES-ResourceSet with higher layer parameter aperiodicSRS-
AN o o & 7 x
ResourceTrigger set to 4 or an eniry in aperiodicSRS-ResourceTriggerList set to 4
1060
SRS resource seils) configured by SRS-PosResourceSet with an entry in aperiodicSRS-
o o
ResourceTriggerList set to 4 when triggered by DCl formats 0 1,0 2,1 1. and 1 2

SES resource sei{s) configured by SRS-Resourcebet with higher layer parameter aperiodicSRS-
ResourceTrigger set to 5 or an entry in aperiodicSRS-ResourceTriggerfist set to 5

161

SES resource sei(s) confignred by SRS-PosResourceSet with an entry in aperiodicSRS-

ResourceTriggerList set t0 5 when triggered by DCl formats 0_1,0 2,1 1, and1 2

SRS resource set{s) configured by SRS-ResourceSet with higher layer parameter aperiodicSRS-
ResourceTrigger set to & or an entry o aperiodicSRS-ResourceTriggedast set to 6
116
SRS resource sei(s) configured by SES-PosResourceSet with an entry in aperiodicSRS-
ResourceTriggerList set 10 6 when tnggered by DCH formats 0 1,0 2,1 1 and 3 2

SRS resource set(s) configured by SR5-RescurceSet with higher layer parameter aperiodicSES-

ResourceTrigger set to 7 or an entry in aperiodicSR5-ResourceTriggerList set to 7

1581
SES resource set(s) configured by SRS-PosResourceSet with an entry in aperiodicSRS-

1

ResourceTriggerlist set to 7 when triggered by DCl formats 01,0 2,1 1, and 1 2
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FIG. 12

Value of Triggered aperiodic SRS resource sei{s) for DCI format 0_1,8 2,1 1,1 _2,and 2_3
SRS request configured with higher layer parameter sys-TPC-PBUCH-Group set to ‘typed’
field
88 No aperiodic SRS resource set triggered
a1 SRS resource set(s) configured by SRS-ResourceSet with higher layer parameter aperiodicSRS-

ResourceTrigger set 1o 1 or an entry in apericdicSR&-ResourceTriggerList set o 1

SES resource set(s) configured by SR5-PosResourceSet with an entry in aperiodicSRS-
ResourceTriggerlist set to 1 when triggered by DCH formats 01,0 2,1 3, and 1 2

16 SRS resource sel(s) configured by SRS-ResourceSet with higher layer parameter aperiodich RS-
ResourceTrigger set to 2 or an entry i aperiodicSRS-ResourceTriggedist set to 2

SRS resoorce sel(s) confignred by SRS-PosResourceSet with an entry 10 aperiodichRS-
ResourceTriggerList set to 2 when triggered by DCYH formats §_1,0 2,1 tand 1 2

i SRS resource set(s} configured by SRS-ResourceSet with igher layex pararneter aperiodicSRS-
ResourceTrigger set to 3 or an entry in aperiodicSKS-ResourceTriggerlist set to 3

SRS resource set(s) configured by SRS-PosResourceSet with an eniry in aperiodicSRS-

ResourceTriggerList set to 3 when triggered by DCl formats 0_1,0. 2.1 1,and 1 2
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